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DLL CIRCUIT 



FIELD OF THE INVENTION 



The invention relates to a DLL (delay locked loop) 



5- 



circuit 



which 



outputs 



a 



ph. as* 



lock 



signal 



having 



a 



predetermined phase relationship with an input signal, and more 
particularly to a DLL circuit which f when the frequency of the 
input signal has been brought to a low frequency, can 
efficiently reduce power consumption while stably maintaining 
10 the operation, 

;f; BACTCGftomm op the invention 

Fig- 1 is a block diagram showing the construction of a 
^ DLL circuit disclosed in Japanese Patent Laid-open No. 
C05 17179/1997 (hereinafter referred to as "first conventional 
3 technique* ) . 



T* The DLL circuit according to the first conventional 

technique comprises: a four-phase basic clock generation 

U circuit 541 which generates four phase clocks different from 

20 one another in phase by 90 degrees relative to an input clock 
$01 having a frequency f; a phase detection circuit 542 for 
detecting a phase relationship between the input clock 601 and 
an output clock €03; a phase regulation decision circuit 544 
which, upon the input of control signals 608 and 609 output 

25 from the phase detection circuit 542, outputs signals 614 and 
615 with phase regulation level reduced or increased by given 
level according to the input levels of the control signals; a 
# phase shifting circuit 543 which, upon the input of signals 610 
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to 613 output from the four-phase basic clock generation 
circuit 5^1. mixes these signals together and executes phase 
shifting according CO the signals 614 and 615 output from the 
phase regulation decision circuit 544; and an output circuit 
545 which permits the input of signals 61S and 617 output from 
the phase shifting circuit 5d3 and outputs them as an output 
Clock 603 having a frequency f. The phase detection circuit 
542 comprises a phase decision circuit 511 and a level shifting 
circuit 513 for regulating the level of the signal output from 
the phase decision circuit 511, 

Fig. 2 is a block diagram showing the construction of a 
DLL circuit disclosed in Publication No. S1296S/1997 of the 
Translation of international Patent Application (hereinafter 
referred to as "second conventional technique") „ 

The dll circuit according to the second conventional 
technique comprises: a duty cycle correction amplifier 700 
which corrects the duty cycle of an input reference clock 
signal and outputs a duty cycle corrected signal; a phase 
detector 710 which compares the phase of a clock signal output 
from the DLL circuit with the phase of a reference clock signal 
and generates and outputs a signal which indicates whether the 
phase of the output clock signal is in advance of or delays 
from the phase of the reference clock signal; a charge pump 720 
(preferably a differential charge pump) which is driven by a 
signal output from the phase detector 7 00 and generates an 
output current according to the output signal; a phase shifter 
730 into which the duty cycle corrected signal r a signal output 
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from the phase detector 710, and a current output from the 
charge pump 72 0 ar« input and which performs phase shifting of 
the duty cycle corrected signal to a direction indicated by the 
signal output from the phase detector 710 and outputs a phase 
5 corrected signal; a second duty cycle corrector 740 into which 
the phase corrected signal output from the phase shifter 730 
and an output clock signal are input to correct the duty cycle 
of the output clock signal to a desired value; and a buffer 
amplifier 750 for amplifying the output clock signal to a 
10 predetermined amplitude. 

z=v DLL circuits are divided into two types, that is, a type 

wherein the delay of an input signal is regulated to digitally 
control the phase, and a type wherein m signals, wherein m is 

*K an integer of two or more, different from each other in phase 

fl£ are generated from an input signal and are then combined to 

f*% control the phase in an analog manner. 

a typical example of devices, in which DLL circuits are 

iy used, is synchronous dram (dynamic random-access memory) . The 
^-control of the operation of double data rate- type (DDR- type) 

20 devices, which are operated in synchronization with a 
complementary clock signal, in particular, among the 
synchronous DRAMS is carried out using a signal having a duty 
falling within a given range and further requires a timing 
signal other than one cycle or half cycle unit of a reference 

25 clock signal. 

In DLL circuits wherein the phase is digitally controlled, 
a reference clocfc signal is delayed to generate desired timing. 
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Thie makes ic difficult: to generate timing other than one cycle 
. or half cycle unit of the reference clock signal. 

For this reason, in devices which additionally require a 
timing signal other than one cycle or half cycle unit of the 
5 reference clock signal, such as DDR- type synchronous DRAMs. it 
is a common practice to use DLL circuits, which control the 
phase in an analog manner, as shown in the above -described 
first and second conventional techniques. 

The DLL circuits, which control the phase in an analog 
10 manner, however, involve a problem that lowering the operating 
n frequency does not reduce current consumption. 

J5J Specifically, in DLL circuits which digitally control the 

Jj{ phase. CMOS transistors are used co constitute the circuits. 
i Tll «refore, lowering the operating frequency results in lowered 
KjS current consumption . 

O ° n cne other hand, in DLL circuits which control the 

Z P*i asa in an analog manner, as can be seen from the second 
| conventional technique, a differential amplifier circuit 
H= provided with a constant- current source is used to generate a 
desired timing signal. For example, a more specific circuit 
diagram of a phase detector as a major element in the DLL 
circuit according to the second conventional technique is shown 
in Pig. 3, and a more specific circuit diagram of a duty cycle 
correction amplifier as a major element in the DLL circuit 
according to the second conventional technique is shown in Fig. 
<. Further, a block diagram of a phase shifter as other 
element in the DLL circuit according to the second conventional 



20 



25 



I 



2001? «16B 11*28* H1RATA&PARTNERS , , . 

-5- 



NO. 7090 "P. 11 



technique is shown in Fig. 5, and a block diagram of a phase 
corrector contained in the phase shifter shown in Fig. 5 is 
shown in Fig, 6, As can be seen from Pigs. 3 to 5 r in all the 
cases, a differential amplifier circuit provided with a 
5 constant -current source ie used, 

in general, the current value of the constant* current 
source in the differential amplifier circuit is fixed to a 
value large enough to correspond to the highest operating speed 
t from the viewpoint of realizing high- speed operation. 
10 Therefore, lowering the operating frequency does not contribute 

to a reduction in current consumption, 
^ When DLL circuits, in which the above differential 

ly amplifier circuit has been extensively used, are used at a 
41 significantly lower speed than the highest operating speed, 
fis they can be operated even when the current value of the 
constant -current source in each differential amplifier circuit 
:^ is considerably low. The conventional DLL circuits, however, 
If! do not have any means which can automatically vary the current 
m value of the constant * current source in each incorporated 
20 differential amplifier circuit according to the operating speed 
♦ {frequency of signal input into DLL circuit) . Therefore, an 
attempt to use the conventional DLL circuit, which can cope 
with a high input signal frequency, also in the case of a low 
input signal frequency poses a problem of wasteful power 
25 consumption. 

SUMMARY OF THE INV^NTTOTJ 
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Accordingly, in is an object of the invention to provide 
a DLL circuir which can automatically vary the current value of 
the constant- current source in each incorporated differential 
amplifier circuit according to the frequency of input signals 
5 and can reduce power consumption according Co the frequency of 
input signals over a wide range of frequencies of input signals. 

According to the first feature of the invention, a DLL 
Circuit for outputting a phase lock signal having a 
predetermined phase relationship with an input signal, 
10 comprises at least: 

a functional block having a constant- current source; and. 
yj bias generation means for generating an internal bias 

y signal for a constant current source, for controlling the 
~i constant current source of the functional block, said bias 
*5 generation means comprising bias control means which changes 

L " the intem ^l bias signal according to the frequency of the 
jz input signal. 

Hi In this case ' che bias generation means may comprise: a 

[;! firet bias serration circuit for generating a primary bias 
signal corresponding to a predetermined constant current; and a 
second bias generation circuit for generating an internal bias 
signal based on a bias correction signal output from the bias 
control means according to the frequency of the primary bias 
signal and the input signal. 

The bias control means may comprise; measuring means for 
measuring the frequency of the input signal; and correction 
signal generation means for outputting a bias correction signal 
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based on the results of the measurement: with the measuring 
means . 

Alternatively, the bias control means may comprise: a 
control circuit for outputting a first counting control signal 
S which controls the start of counting of the input signal based 
on a predetermined external signal; a counting control means 
for outputting a second counting control signal after the 
elapse of a predetermined time from the input of the first 
counting control signal; counting means for controlling the 

10 start and end of counting of the input signal respectively 
according to the first counting control signal and the second 

Ul counting control signal; and correction signal generation means 

|y for outputting a bias correction signal based on the results o£ 

j: counting by the counting means , 

Pf In this case, the output signal of the counting control 

PI means may be controlled by the primary bias signal. 
2; Preferably, the counting control means comprises PMOS (p- 

SO channel MOS) , first NHOS (n-channel MOS} , second NMOS (n- 
^ channel mos), a capacitative element, and a comparison circuit, 
20 wherein: a source electrode terminal of PMOS is connected to a 
power terminal, a drain electrode terminal of PMOS is connected 
by common connection to a drain electrode terminal of the first 

» 

-NMOS, a first electrode terminal of the capacitative olement, 
and a first input terminal of the comparison circuit; a source 
25 electrode terminal of the first NMOS is connected by common 
connection to a drain electrode terminal of the second NMOS; a 
source electrode terminal of the second jnmos, together with a 
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second electrode terminal of the capaci tative element, is 
connected to a ground terminal; a gate electrode terminal of 
each of PMOS and the first NMOS is connected by common 
connection to an output terminal of the control circuit for 
5 outputting the first counting control signal; a gate terminal 
^ of the second NMOS is connected to a primary bias output 
terminal of the first bias generation circuit; and a second 
input terminal of the comparison circuit is connected to a 
reference signal terminal having a predetermined potential, and 

10 a second counting control signal is output from an output 
terminal of the comparison circuit. 

^? The above -described DLL circuits for outputting a phase 

lU lock signal having a predetermined phase relationship with an 

Jl input signal preferably comprise; 

if phase shifting means for generating m phase Shift 

PI processing signals, wherein m is an integer of two or more, 

different from each other in phase based on the input signal; 
Hf » phase comparison means which compares the phase of the 

M input signal with the phase of the phase lock signal to detect 
20 a phase difference and f based on the detected phase difference, 
outputs a phase control signal; 

phase synthesizing means for outputting a phase corrected 
signal having a predetermined phase relationship with the input 
signal based on the m phase shift processing signals, produced 
25 by the phase shifting means, and the phase control signal; and 
first duty correction means which corrects the duty of the 
phase corrected signal and outputs the phase lock signal. 
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In this case, a construction may be adopted wherein 
second duty correction means for correcting the duty of the 
input signal and outputting a duty corrected signal is further 
provided and the duty corrected signal is input into the phase 
5 shifting means. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The invention will be explained in more detail in 
conjunction with the appended drawings, wherein: 
10 Fig. 1 is a block diagram showing the construction of a 

DLL circuit according to a first conventional technique; 

Fig, 2 is a block diagram showing the construction of a 
DLL circuit according to a second conventional technique; 

Fig. 3 is a circuit diagram of a phase detector as one 
15 major element in the DLL circuit according to the second 
conventional technique; 

Fig. 4 is a circuit diagram of a duty cycle correction 
amplifier as another major element in the DLL circuit according 
to the second conventional technique; 
2 0 Fig. 5 is a block diagram of a phase shifter as a further 

element in the DLL circuit according to the second conventional 
technique ; 

Fig. 6 is a block diagram showing a phase interpolator 
included in the phase shifter shown in Fig. 5; 
25 Fig. 8 is a diagram illustrating a DLL circuit according 

to a first preferred embodiment of the invention, wherein Fig. 
8A is a schematic block diagram showing the construction of the 
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DLL circuit and Fig. 8B a schematic block diagram showing the 
construction of bias generation means included in this DLL 
circuit; 

Fig. 9 is a diagram showing an embodiment of first and 
5 second bias generation circuits shown in Fig. 8B; 

Fig. 10 is a circuit diagram showing an embodiment of 
counting control means shown in Fig. 8B; 

Fig. 11 is a diagram illustrating a counting circuit and 
correction signal generation means, wherein Fig. 11A is a 
10 schematic block diagram of the counting circuit and the 

correction signal generation means and Fig. 11B a graph showing 
an example of the relationship between the results of counting 
by the counting circuit and the value of current which flows 
through PMOS in a second bias generation circuit; 
15 Fig. 11 is a block diagram showing a DLL circuit 

according to a second preferred embodiment of the invention; 

Fig. 12 is a typical circuit diagram of one functional 
block in its final stage portion included in the DLL circuit 
according to the invention; and 
20 Fig. 14 Is a typical timing chart for major signals 

associated with counting control means. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the invention will be explained 
25 in conjunction with the accompanying drawings. 

Fig. 7 is a diagram illustrating a DLL circuit according 
to a first preferred embodiment of the invention, wherein Fig. 
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8A is a schematic block diagram showing the construction of a 
DLL circuit 100 and Pig. 8B a schematic block diagram showing 
the construction of bias generation means 200 included in this 
— DLL circuit 100. 

5 With reference to Pig. 8, the DLL circuit 100 according 

to this preferred embodiment comprises: phase shifting means 
120 which, based on an input signal 3QQ, generates, for example, 
8 phase shifting processing signals 310 having phase 
differences at equal spacing? (45 degrees) ; phase comparison 

10 means 140 which compares the phase of the input signal 300 with 
the phase of an output feedback signal 33 0 to detect a phase 
difference and, based on the detected phase difference, outputs 
a phase control signal 340; phase synthesizing means 160 which 
outputs a phase corrected signal 32 0 having a predetermined 

IS phase relationship with the input signal 3 00 based on the 8 

9 

'phase shifting processing signals 310 , generated by the phase 
shifting means 120, and the phase control signal 34 0; and first 
duty correction means 17 0 which corrects the duty of the phase 
corrected signal 320 to a predetermined duty (for example, 49 
20 to 51%) and outputs a phase lock signal 400, 

Bach of these means comprises a functional block having a 
differential amplifier circuit provided with a cons tant- current 
source- The DLL circuit 100 further comprises bias generation 
means 200 which generates a bias signal 390 for controlling the 
2 5 current value of these constant -current sources and supplies 
the bias signal 3BQ to each cons tant - current source. 
t The bias generation means 200 comprises: a first bias 
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generation circuit 250 which generate© a primary bias signal 
3 92 such chat, when the frequency of the signal 300 input into 
the dll circuit 100 is the highest, the current value of a 
constant -current source in each differential amplifier circuit 
S is brought co a predetermined current value I si at which each 
differential amplifier circuit is normally operated; bias 
control means 210 which outputs a bias correction signal 380 
for correcting the primary bias signal 3 92 according to the 
frequency of the input signal 300; and a second bias generation 
10 circuit 270 which, based on the primary bias signal 392 and the 
^ Mas correction signal 380, generates an internal bias signal 
%Q 395 such thai: the current value of the constant: -current source 
|y is brought to a value which enables each differential amplifier 
s p circuit to be operated at the frequency of the input signal 300. 
f=|15 The bias control means 210 comprises: a control circuit 

JL 212 which outputs first counting control signals 3 04, 305, 3 06, 

4* based on a trigger signal 3 02 such as an external power on 
W signal or reset signal; counting control means 220 into which 
^ the first counting control signal 304 is input and which 
20 outputs a second counting control signal 308 after the elapse 
of a predetermined time determined depending upon the primary 
bias signal 3 92; a counting circuit 214 which starts the 
—counting of the input signal 300 in response to the first 
counting control signal 3 05, stops the counting of the input 
25 signal 3 00 in response to the second counting control signal 
3 08, and outputs a counting result signal 3 70; and correction 
signal generation means 216 for outputting a bias correction 
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signal 380 based on the counting result signal 370. 

Next, the first bias generation circuit 250 and the 
second bias generation circuit 270 will be explained, 

Fig, 9 ia a circuit diagram showing an embodiment: of the 
5 first and second bias generation circuits 250, 270 shown in Pig. 
♦ SB, 

With reference now to Fig. 9, the first bias generation 
circuit 250 included in the DLL circuit 100 according to this 
preferred embodiment comprises, for example, two PMOSe n, 12, 
10 a resistive element 1, a diode 2, and NMOS 51 which are 
connected as follows. 
V»| Each source electrode terminal of PMOSs 11 , 12 is 

hi connected to a power terminal (hereinafter referred to as 
p W VDD") . Each gate electrode terminal of the PMOSs 11, I2 r a 
3.5 drain electrode terminal of PMOS 11, and a first electrode 
Jl terminal of the resistive element 1 are connected by common 
<m connection. A second electrode terminal of the resistive 
W '.element 1 and an anode electrode terminal of the diode 2 are 
U connected by common connection, A cathode electrode terminal 
20 of the diode 2 is connected to a ground terminal (hereinafter 
referred to as "GUD") * A drain electrode terminal of pmos 12, 
an output terminal 81 of the first bias generation circuit 250, 
a drain electrode terminal of NMOS 51, and a gate electrode 
terminal of NMOS 51 are connected by common connection. A 
25 source electrode terminal of NMOS 51 is connected to the ground 
terminal. PMOSs li, 12 constitute a current mirror, and the 
resistance value of ttie resistive element 1 is set so that a 
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constant current of a predetermined value Isl flows Into PMOSs 
11, 12. A primary bias signal 392 determined by the constant 
current of a value isi and nmos 51 is output from the first 
bias generation circuit 250, 
S The second bias generation circuit 270 comprises, for 

example, eight PMOSs 13 to 20 and seven NMOSs 52 to 5 8 which 
are connected as follows. 

All of each source electrode terminal of a group of 
current regulation PMOSs composed of 6 PMOSs 13 to 18, a drain 
10 electrode terminal of PMOS 19, and each, gate electrode terminal 
of PMOSs 19, 2 0 are connected by common connection. Each 
II source electrode terminal of PMOSs 19, 2 0 is connected to VDD « 
y ♦ Each drain electrode terminal of the group of current 
I; regulation PMOSs and each drain electrode terminal of a group 

;2LS of current regulation NMOSS composed of 6 NMOSs 52 to 57 are 
connected by common connection in a combination of PMOS 13 with 
.p= nmos 52, a combination of pmos 14 with mics 53, a combination 
;n of pmos is with nmos 54 f a combination of PMOS 16 with NMOS 55, 
2 a combination of FMOS 17 with NMOS 56, and a combination of 
20 PMOS 18 with NMOS 57. Each gate electrode terminal of the 
group of current regulation NMOSs is connected to the output 
terminal 61 of the first bias generation circuit 250. Each 
source electrode terminal of the group of current regulation 
NMOSs is connected to GND. A drain electrode terminal of PMOS 
25 '20, a drain electrode terminal and a gate electrode terminal of 
NMOS 58, and an output terminal 6 2 of the second bias 
generation circuit 270 are connected by common connection. A 
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source electrode terminal of NMOS 5 9 is connected to GND. Gate 
electrode terminals 13G to 18G of the group of current 
regulation PMOSs are connected respectively to corresponding 
output signal terminals of the correction signal generation 
5 means 21S shown in Fig. 0B so that bias correction signals 381 
to 3 86 are input respectively into the gate electrode terminals 
13G to 186. 

In a arroup of six transistor pairs, PMOS 13/NMOS 52 pair, 
PMOS 14/MMOS 53 pair, PMOS 15/NMOS 54 pair. PMOS 16/NMOS 55 
10 pair, PMOS 17/NMOS 56 pair, and PMOS 18/NMOS 57 pair, the size 
of each transistor is set so that, when the primary bias signal 
1 392 has been applied to each gate electrode of the group of 
| current regulation NMOSs to bring them to a conducting state 
= and a low level signal has been applied to each gate electrode 
jl5 of the group of current regulation PMOSs to bring them to a 
_ conducting state, for example, the following reauirements are 
1 net: II : 12 : 13 : 14 : 15 ; IS - l : 2 : 4 : 8 : 15 : 32, and 
I 16 = isl, wherein ii to IS are respectively values of current 
I which flow through a path of PMOS 13/NMOS 52 pair, a path of 
20 '..PMOS 14/NMOS 53 pair, a path of PMOS 15/NMOS 54 pair, a path of 
PMOS 16/nmos 55 pair, a path of PMOS 17/NMOS Sfi pair, and a 
path of PMOS 18/NMOS 57 pair. More specifically, this can be 
realized, for example, by performing setting so as to meet the 
following reauirements: WnO - WnS, and II : 12 : 13 : 14 : 15 . 
25 16 = Wnl : Wn2 : Wn3 : Wn4 : Wn5 : Wn6 , wherein WnO , Wnl , Wn2, 
Wn3, Wn4, WnS , and Wn© respectively represent the gate widths 
(W) of the NMOSS 51 to 57. 
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For example, when WnO - 320 um. WnO, Wnl, Wn2, Wn3, Wn4, 
Wn5, and Wu6 may be 10 um, 20 um, 40 urn. 80 um, 16 0 urn, 320 pro, 
respectively. 

in this case, the gate widths of the PMOSs 13 to 18 such 
S that est values of current flow respectively into the NMOSs 51 
to 57, suffice for contemplated results. Therefore, for 
example, the gate width may be substantially equal to the gate 
width WnO of NMOS 51. 

PMOSs 19, 20 constitute a current mirror, and the value 
10 Is2 of the constant current, which flows through pwros 19, 20, 
is the sum of current values of the transistor pair including 
J PMOS, into which a low level signal sent from the correction 
signal generation means 216 is input, among the group of 6 
=M transistor pairs. An internal bias signal 3 95 determined by 
lip - the constant current of value Is2 and NMOS 58 is output from 

the second bias generation circuit 270. 
£ Therefore, when NMOS 51, in the first bias generation 

jj circuit 250. as an output transistor for outputting the primary 
3 bias signal 3 92 and NMOS S8, in the second bias generation 
20 circuit 270, as an output transistor for outputting the 
internal bias signal 3 95 have the same size as each constant- 
current source transistor included in the DLL circuit ioo, a 
constant current of value Isl and a constant current of value 
Is2 can be allowed to flow respectively into the constant - 
25 current source transistor, into which the primary bias signal 
^3 92 has been input, and the constant- current source transistor, 
"into which the internal bias signal 3 95 has been input. 
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Next, the construction of the counting control means 220 
will bo explained. 

Fig. 10 is a circuit diagram showing an embodiment of the 
counting control means 220* 
S With reference now no Fig. 10 , the counting control means 

220 comprises, for example, PMOS 21, a first NMOS 61, a second 
NMOS 62, a capacitative element 5, and a comparison circuit 10 
which are connected as follows. 

A source electrode terminal of PMOS 21 is connected to 

« 

10 * VDD. A drain electrode terminal of PMOS 21. a drain electrode 
terminal of the first NMOS 61, a first input terminal 83 of the 
l}\ comparison circuit 10, and a first electrode terminal of the 
capacitative element S are connected by common connection at a 
% [l common connection point 91 - A gate electrode terminal of PMOS 
*;15 21 and a gate electrode terminal of the first miOB €1 are 
s connected by common conneccion at a common connection point 32 . 

7« A source electrode terminal of the first NMOS 61 and a drain 
electrode terminal of the second nmos 62 are connected by 
^ common connection. A source electrode terminal of the second 
20 NMOS 62 and a second electrode terminal of the capacitative 
t element 5 are connected to GND. A gate electrode terminal 62G 
of the second NMOS 62 is connected to the output terminal 81 of 
the first bias generation circuit 250 so that the primary bias 
signal 392 is input into the second NMOS 62. The common 
25 connection point 92 , at which the gate electrode terminal of 
PMOS 21 and the gate electrode terminal of the first NMOS 61 
are connected by common connection, is connected to an output 
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terminal (not shown) for outputting the first counting control 
signal 304 of the control circuit 212, A second input terminal 
84 of the comparison circuit 10 is connected to a terminal (not 
^ shown) for a reference signal of a predetermined potential 
5 Vref 0 (generally about 1 V) . 

Fig. 14 is a diagram illustrating major signals 
associated with the counting control means 220, wherein (a) 
represents a typical timing chart for the first counting 
control signal 304* (b) represents a typical timing chart for a 
10 potential Vet at the common connection point 91, (c) represents 
a typical timing chart for the seconfl counting control signal 
% 306, and (d) represents a typical timing chart for the counting 

result signal 370 in Fig, 8B. 
4f The counting circuit 214 and the correction signal 

OO15 generation means 216 will be briefly explained. Fig. 11 is a 
s * diagram illustrating a counting circuit 214 and correction 
signal generation means 216, wherein Fig, 11A is a schematic 
IZ block diagram of the counting circuit 214 and the correction 
Q signal generation means 216 and Fig. 11B a graph showing an - 
20 example of the relationship between the results of counting by 
the counting circuit 214 and the value Is2 of current which 
flows through FMOS 19 in the second bias generation circuit 270. 

Here it is assumed that the counting circuit 214 
comprises a S bit counter ana the minimum current value Iminj 
25 at which the differential amplifier circuit included in the DLL 
circuit 100 can be normally operated, is Isl/4. 

With reference now to Fig. 11, the counting circuit 214 
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in this preferred embodiment starts the counting of the input 
signal 3 00 in response to the first counting control signal 305 
sent from the control circuit 212, stops the counting of the 
input signal 3 00 in response to the second counting control 
signal 3 08 sent from the counting control means 220, and 
outputs the results of counting as a 6 -bit counting result 
signal 370. 

Next, in response to the counting result signal 3 70 
output from the counting circuit 214, the correction signal 
generation means 216 performs predetermined decision processing, 
and sends a bias correction signal 3 80 to the second tolas 
generation circuit 270. Regarding output terminals (not shown} 
for outputting the bias correction signal 3 80 in the correction 
signal generation mean© 216, terminals for outputting bit 
signals of th« least significant bit (LSB) signal 3 81 to the 
most significant bit (MSB) signal 3 86 are connected 
respectively to gats electrods terminals 153 to 18G of the 
second bias generation circuit 270. Corresponding bias 
correction signals are input respectively into the gate 
electrodes of PMOS 13 to PHOS 18 to correct the value Is2 of 
current which flows through PMCS 19. 

The decision processing will be explained in more detail. 
As a result of the correction based on the results of counting, 
when the value Is2 of current, which flows through PMOS 19, is 
not less than the minimum current value Imin, at which the 
differential amplifier circuit included in the DLL circuit 100 
can be normally operated, the counting result signal 370 as 
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such is output as the bias correction signal 3 80. on the other 
hand, when Is2 is less than Imin, a bias correction signal 3 60, 
such thai: the current, which flows through PMOS 19, is brought 
to a minimum value of not less than Imin, is output 
independently of the results of counting, in this example, 
when the counting result is not less than "8," the counting 
result signal 370 as such is sent as the bias correction signal 
3 80 to the second bias generation circuit 27 0, On the other 
hand, when the counting- result is less than "8," the counting 
result is indiscriminately regarded as "8" and the bias 
correction signal 3 80 is generated based on this and is sent to 
the second bias generation circuit 270. In this example of the 
present preferred embodiment, a bit signal 3 84 is a low level 
signal, while the other bit BignalS 381 to 383, 385, and 386 
are high level signals- That is, the relationship between the 
results of counting in the counting circuit 214 and the value 
is2 of current, which flows into fmos is in the second bias 
generation circuit 27 0, is as shown in a graph in Pig. 11B. 

Next, the operation of the bias generation means 200. 
which is a feature of the invention! will be explained in 
conjunction with Figs. 8 to 11 and 14, 

The control circuit 212 is set so that, as soon as a 
power supply of the DLL circuit 100 is put to work, the control 
circuit 212 outputs a signal on a predetermined level according 
to a circuit or means which receives a signal sent from the 
control circuit 212. In this preferred embodiment, a low level 
signal ie output from at least the terminal for outputting the 
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first: counting control signal 304. This turns on PMOS 21 and 
turns off the first KMOS 61 in the counting control means 220, 
and the capaci native element 5 is charged to the power voltage 
(Vdd) . 

5 Next, upon the input of a predetermined trigger signal 

302 such as a reset signal into the control circuit 212, the 
first counting control signals 304, 305, 306 are output. in 
the present preferred embodiment, at least the first counting 
control signal 304 outputs a high level signal. 
10 The counting circuit 214 in this preferred embodiment is 

composed of a 6 -bit counter, and. upon the receipt of the first 
J counting control signal 3 05, starts the counting of the input 

J; , signal 300. Upon the receipt of the first counting control 
signal 306, the correction signal generation means 216 
H15 generates a bias correction signal 3 80, which renders the 
L internal bias signal 3 95 equal to the primary bias signal 3 92, 

i and Bcnds the bias correction signal 3 80 to the second bias 

J generation circuit 270. m this case, a bias correction signal 
:J 360 corresponding to the counting result "32" (only the MSB 
20 signal 3 86 is a low level signal while all the other bit 
signals 381 co 385 are high level signals) is sent. 

Upon the receipt of the first counting control signal 3 04 
on a high level, in the counting control means 220, pmos 21 is 
turned off, and the first NMOS 61 is turned on. The gate 
25 . electrode terminal 62G of the second wmos 62 is connected to 
the output terminal 81 of the first bias generation circuit 250, 
and the primary bias signal 3 92 is applied to the gate 
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electrode of the second NMOS 62. Therefore, charges in the 
capacitative element 5 are discharged through the first and 
second wmoss 61, 62, and the potential Vet of the common 
connection point 91, at which the first input terminal 83 of 
S the comparison circuit 10 is connected, is gradually lowered. 

when the potential Vet is lowered to a value below the 
potential VrefO input into the second input terminal 84 of the 
comparison circuit 10. the potential at che output terminal 85 
of the comparison circuit 10 is reversed and the second 
10 counting control signal 306 is output. The counting time Tct, 
defined as a time elapsed until, after the receipt of the first 
y=| counting control signal 304, the second counting control slgnal- 
3 08 is output, is determined by the discharge rate of charges 
*jj in the capacitative element 5. The discharge rate is 
j|5 determined depending upon the primary bias signal 392. 
= Upon the output of the second counting control signal 3 08 

a p» from the comparison circuit 10, the counting circuit 214 stops 
b thS counzln 9 of the input signal 3 00, and outputs the counting 
K result as a 6 -bit counting result signal 370. Upon the receipt 
20 t of the second counting control signal 308, the correction 
signal generation means 216 fetches the counting result signal 
37 0. performs the above- described predetermined decision 
processing, and outputs the bias correction signal 380. 

For example, when the counting result is "20." the bit 
25 signals 3 83, 3 85 are low level signals, while the other bit 
signals 381, 382, 334, 386 are high level signals. That is. 
among the group of current regulation PMOSs, only PMOSs 15. 17 
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become a conducting state, ana, thus, Ie2 * 13 + 15 » (5 Isi/B) . 
The internal bias signal 3 95 determined by the current value 
is2 and nmos 5B is supplied to the transistor gate electrode as 
• each constant -current source included in the DLL circuit 100. 
5 Th.es bias control means 210 included in the bias 

generation means 2 00 according to this preferred embodiment 
counts the input signal by a time determined depending upon the 
primary bias signal 3 92 generated in the first bias generation 
circuit 250, and, based on the counting result, generates, in 
10 the second bias generation circuit 270, the internal bias 
signal 395 to be supplied to each constant- current source 
R included in the DLL circuit 100 , The internal bias signal 395- 
7J generated by the second bias generation circuit 27 0 is 
LI corrected so that the current value of the constant- current 
source decreases with decreasing the counting result of the 
--counting circuit 214. 
xi As is apparent from the construction o£ the counting 

-si control means 220, since the counting time Tct is constant 
*r independently of the input signal 3 00, the counting result 
20 decreases with decreasing the frequency of the input signal 300 
and the current value of each constant- current source included 
in the DLL circuit 100 can be automatically lowered according 
to the frequency of the input signal 300. Further, control is 
performed by the correction signal generation means 21S so that, 
25 even when the frequency of the input signal 300 has been 
significantly lowered, the current value Is2, which flows into 
each constant- current source by the corrected internal bias 
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signal 3 95, is not lowered to a value below the minimum current 
value necessary for the normal operation ol the differential 
amplification circuit. There is no fear of causing a failure 
of operation of the differential amplifier circuit due to an 
S operating current: shortage. 

Further, the counting time Tct is determined depending 
upon the primary bias signal 392. Therefore, when the 
resistance value of elements of the first bias generation 
circuit 250. particularly the resistive element 1* is shifted 
10 from the designed value, for example, to a higher value to 
* reduce Isl , the level of the primary bias signal 392 is also 
^1 lowered and the value of current, which flows into HMOS 62 
id located in the discharge path of the capacitative element 5 
Jz included in the counting control means 220 shown in Pig* 10, is 
HI 5 also lowered, so that the counting time Tct is increased- For 
!L this reason, even when the frequency of the input signal 3 00 is 
;H identical, the counting result of the counting circuit 214 is 

£0 increased. On the other hand, when the resistance value of the 
| S L resistive element: 1 is shifted to a lower value to increase Isl, 
20 the counting time Tct is decreased and the counting result of 
the counting circuit 214 is decreased. 

That is, regarding the internal bias signal 3 92 generated 
J.n the second bias generation circuit: 27 0, even when some 
deviation from the designed value has taken place in the 
25 primary bias signal 3 92, the counting time Tct is automatically 
corrected according to the deviation and correction, while 
taking into consideration the deviation of the primary bias 
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signal 3 92, to a proper level can be achieved. 

Next, the DLL circuit according to the second preferred 
embodiment of the invention will be explained, 

Fig. 12 is a block diagram of a DLL circuit 110 according 
5 to the second preferred embodiment. 

With reference now to Fig. 12, the DLL circuit 110 

0 

according to this preferred embodiment comprisea: second duty 
correction means 180 which corrects the duty of the input 
signal 300 to a predetermined duty value (for example, 49 to 
10 51%) and outputs a duty corrected signal 301; phase shifting 
means 120 for generating m phase shift processing signals 310 
j- ? different from each other in phase based on the duty corrected 

T-; signal 301; phase comparison means 140 which compares the phase 

%i of the input signal 3 00 with the phase of the feedback signal 

y^l5 33 0 from the output to detect a phase difference and, based on 
3 the detected phase difference, outputs a phase control signal 

B g 34 0; phase synthesizing means 100 for outputting a phase 
& corrected signal 320 having a predetermined phase relationship 
J s f with the input signal 300 based on the in phase shift processing 
20 signals 310, produced by the phase shifting means 120, and the 
phase control signal 340; and first duty correction means 170 
which again corrects the duty of the phase corrected signal 32 0 
to a predetermined duty and outputs a phase lock signal 400. 
Further, the Dhh circuit 110 is provided with bias generation 
25 means 200 for controlling the current value of a constant- 
current source in a differential amplifier circuit included in 
each of these means. 

i 
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The DLL circuit 110 according to this preferred 
- embodiment is different from the DLL circuit 100 according the 
first preferred embodiment only in that/ in the DLL circuit 110 
according to this preferred embodiment, the second duty 
5 correction means 180 for correcting the duty of the input 
signal 3 00 to a predetermined duty is provided before the phase 
shifting means 120. Therefore, the detailed explanation of 
this embodiment will be omitted. According to the DLL circuit 
110 in this preferred embodiment, previously correcting the 
10 duty of the input signal 3 00 can advantageously realize phase 
regulation with higher accuracy. 

Next, the DLL circuit according to the third preferred- 
id embodiment of the invention will be explained. 

J^z " In the DLL circuits 100, 110 according to the first and 

pis second preferred embodiments, the current value of the 
!L constant -current source of each differential amplifier circuit 
=H is brought to a current value is2 determined by the internal 
CO bias signal 395 corrected by the bias generation means 200 
m according to the frequency of the input signal 300. On the 
20 other hand, in the DLL circuit according to this preferred 
embodiment, the current value of the constant- current source in 
a specific differential amplifier circuit is brought to a 
constant current value independently of the frequency of the 
input signal 3 00. 

25 { > Specifically, the basic construction, including the 

internal construction of the bias generation means 200, of the 
DLL circuit according to this preferred embodiment is the same 
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as that of the DLL circuits 1QO, no according to the first and 
second preferred embodiments, except that the primary bias 
signal 3 92 is supplied to the constant - current source in the 
final-stage differential amplifier circuit in each functional 
5 block. 

For example, Fig. 13 is a typical circuit diagram of the 
final stage of one functional block 19 0 included in the DLL 
circuits 100, 110. This functional block 190 comprises: an 
internal processor 191 j a final -stage differential amplifier 
10 circuit 193; a level converter 195; and a signal output section 
197. 

^ In this case- a gat* electrode terminal 71G of NMOS 71 as~ 

a constant- current source of the differential amplifier circuit 
p included in the internal processor 191 is connected to an 
=|L5 output terminal 82 of the second bias generation circuit 270 so 
s% that an internal bias signal 3 95 is applied, 

^ The final- stage differential amplifier circuit 193 

fl comprises resistive elements 7, 6 and NMOSs 65, 56, 72. Each 
* first terminal of the resistive elements 7. 8 is connected to 
2 0 VDD, A second terminal of the resistive element 7 is connected 
to a drain electrode terminal of NMOS 65 by common connection, 
and a second terminal of the resistive element 8 is connected 
to a drain electrode terminal of nmos 66 by common connection. 
Each source electrode terminal of MNOSs 65, 66 and a drain 
25 electrode terminal of NMOS 72 are connected by common 
connection, a source electrode terminal of NMOS 72 is 
connected to GND. The resistive elements 7. 8 and WMOS 65 , 6 6 
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constitute a differential amplifier, and the Nfecos 72 functions 
as a constant- current source. A, gate electrode terminal 72G of 
NMOS 7 2 as tiie constant-current source is connected to the 
output terminal 81 of the first bias generation circuit 250 so 
5 that a primary bias signal 3 92 is applied. 

That is, according to this construction, since the 
primary bias signal 3 92 not dependent upon the input signal 
9 frequency is applied to the gate electrode of nkeos 72 as the 
constant -current source of the final-stage differential 
10 amplifier circuit 193 in the functional block included in the 
DLL circuit according to this preferred embodiment, the final - 
*EJ stage differential amplifier circuit 193 can be reliably 

hi operated even at a low input signal frequency. 

Next, the DLL circuit according to the fourth preferred 
^15 embodiment of the invention will be explained. 

s The basic construction of the DLL circuit according to 

4* this preferred embodiment is the same as that of the DLL 
?i\ circuits according to the first to third preferred embodiments, 
T'*; except that at least the signal output section of the first 
20 » duty correction means 170 for outputting the phase lock signal 
4QQ has a construction shown in Fig, 13. Specifically, the 
first duty correction means 170 included in the DLL circuit 
according to the present preferred embodiment comprises an 
internal processor 131, a final -stage differential amplifier 
25 circuit 193, a level converter 195, and a signal output section 
197. The internal processor 191 and the final -stage 

differential amplifier circuit 193 are the same as those in the 
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third preferred embodiment, and, hence. Che explanation thereof 
will be omitted. 

The level converter 195 comprises a first PMOS 31. a 
— second PMOS 33. a third NMOS 67, and a fourth HMOS €8. Each 
5 source electrode terminal of the first PMOS 31 and the second 
PMOS 3 3 is connected to VDD. A drain electrode terminal of tlx© 
first PMOS 31, a gate electrode terminal of the third NMOS 67, 
a gate electrode terminal of the fourth NMOS SB. and a drain 
electrode terminal of the third NMOS 67 are connected by common 
10 connection at a common connection point 95. A drain electrode 
terminal of the second PMOS 3 3 and a drain electrode terminal 
j of the fourth NMOS 6 8 are connected by common connection at a 
j common connection point 96. Each of a source electrode 
: terminal of the third NMOS 67 and a source electrode terminal 

;1S , of th<s fourth NMOS 6 8 is connected to GND . The third NMOS 57 
and the fourth NMOS 6 8 constitute a current mirror. A 
■ differential signal output from the final -stage amplifier 
I circuit 193 is input Into each gate electrode of the first pmos 
: 31 and the second PMOS 33, and a level change signal is seat 
20 from the common connection point 96 of the second PMOS 3 3 and 
the fourth NMOS 63. 

The signal output aection 197 comprises a third PMOS 35. 
a fourth PMOS 37, a fifth NMOS 69, and a sixth NMOS 73. A 
source electrode terminal of the third PMOS 35 is connected to 
25 VDD. and a source electrode terminal of the sixth NMOS 7 3 is 
connected to GND. A drain electrode terminal of the third PMOS 
.35 is connected to a source electrode terminal of the fourth 
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PMOS 37 by common connection. A drain electrode terminal of 
the fourth PMOS 37 and a drain electrode terminal of the fifth 
NMOS 69 are connected by common connection at a common 
connection point 98. A source electrode terminal of the fifth 
5 NMOS €9 and a drain electrode terminal of the sixth NMOS 7 3 are 
connected by common connection. Further, a gate electrode of 
the fourth PMOS 37 and a gate electrode of the fifth NMOS 69 
are connected by common connection at a common connection point 
97, and the common connection point 97 is connected to the 
10 common connection point 96 of the level converter 195, An 
-- output signal of the functional block 190 is output from the 
common connection point 98 at which the drain electrode 
jV'l terminal of the fourth PMOS 37 and the drain electrode terminal 

~~ of the fiftii NMOS 69 are connected by common connection* 
^2.5 A gate electrode terminal 3 5G of the third PMOS 3 5 is 

s connected to the output terminal 82 of the second bias 

a G generation circuit 27 0, and a gate electrode terminal 73G of 
the sixth NMOS 73 is connected to the output terminal 81 of the 
first bias generation circuit 250, so that the internal bias 
20 signal 395 and the primary bias signal 392 are applied 
respectively to the gate electrodes. 

In the DLL circuit according to this preferred embodiment, 
"the internal bias signal 395 is applied to the gate electrode 
of the third PMOS 35 constituting at least the signal output 
25 section 197 included in the first duty correction means 170, 
and the primary bias signal 3 92 is applied to the gate 
electrode of the sixth JSMOS 73. Therefore, when the level of 
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the internal bias signal 3 95 has been lowered, the reversing 
threshold value of the signal output section 197 is 
substantially increased. Thus, even when the current value of 
the constant -current source of the internal processor 191 is 
5 lowered due to a lowering in frequency of the signal 3 00 input 
f into the DLL circuit and the level o£ the operation point (a 
cross point of operating waveform which is a center of signal 
waveform) of the differential amplifier circuit in the internal 
processor 191 is increased, the reversing threshold value of 

10 the signal output section 19t is also substantially increased. 
By virtue of this, the signal output section 197 is reliably- 
operated, and the output signal can be brought to a full swing 
waveform on a CMOS level. Thus, signal send/receive operation 
between functional blocks can be stably performed. 

flS It is needless to say that the invention is not limited 

to the above preferred embodiments and various variations and 

: modifications are possible within the subject matter of the 
— invention > For example, the number of phase shifting 
processing signals, different from each other in phase, to be 

20 generated in the phase shifting means 120, the construction 
(including the numbers of bits of the counter) of the counting 
circuit 214 , and the construction of the group of current 
regulation transistors included in the second bias generation 
circuit 27 0 may be suitably designed according to need, 

25 The DLL circuit of the invention can automatically 

control the current value of a constant -current source of a 
differential amplifier circuit included in the DLL circuit to a 

I 
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proper value according to the frequency of the input signal, 
and, while coping with a wide range of input signal frequencies, 
can maintain stable operation and can efficiently reduce the 
power consumption of the circuit according to input signal 
5 frequencies* 

Further, the supply of a primary bias signal not 
dependent upon the input signal frequency to at least a 
specific element, such as a constant -current source of the 
final -stage differential amplifier circuit in each functional 
10 block enables each functional block to be reliably operated 
independently of the input signal frequency. 
I In addition, when the signal output section is 

# constructed so as to include a transistor controlled by an 
= internal bias signal and a transistor controlled by a primary 

^15 bias signal, the output signal can be reliably brought to a 
full swing waveform on a CMOS level and, thus, advantageously, 

1 signal send/receive operation between functional blocks can be 
I stably performed, 

: The invention has been described in detail with 

2 0 particular reference to preferred embodiments, but it will be 

understood that variations and modifications can be effected 
within the scope of the invention as set forth in the appended 
claims . 



